Abstract: Product quality depends on the surface quality of the machined part and machining performance relay on the production rate of the process. Whereas surface quality of a part is based on surface roughness (SR) and production rate depend on the material removal rate (MRR). Minimum surface roughness and maximum MRR are of great value in the field of manufacturing. In powder mix Electrical Discharge Machined (EDM) selection of input parameters and their ranges are of great value because its helps to achieve the optimize values of the SR and MRR. This study contains the effect of four input variables; pulse on time (Pon), discharge current (DC), pulse off time (Poff) and powder concentration of EDM on SR and MRR of Inconel 718. Response Surface Methodology (RSM) center composite design (CCD) and Analysis of Variance (ANOVA) are used with 5% significant coefficient. It was observed that DC significantly affects the SR and MRR followed by the Pon.
INTRODUCTION
Electrical Discharge Machining (EDM) is one of the most extensively used nontraditional machining which is used to remove material efficiently. Electrically conductive parts can be machined using EDM irrespective of the hardness. There is no mechanical forces exist because there is a gap between the tool and work piece, only thermal energy is used to manufacture parts [1] [2] [3] . EDM can easily tackle exact tolerance because the exact shape of the electrically conductive tool is punched on the work piece material [4, 5] . EDM is used for brittle and conductive materials, in this process a spark is produced with the help of DC and a small gap between too and work piece [4, 6] . EDM also have some limitation such as high surface roughness and low material removal rate (Effect of Si). To overcome these limitations powder EDM is introduced. In powder EDM process a small amount of fine powder (Al 2 O 3 , SiC, Gp, SiO 2 , Cu, Al, Si, Cr) is mixed in the dielectric fluid of the EDM which enhance the machining properties of EDM (Zhao, Meng, and Wang 2002; Wong, Lim, and Tee 1998 Si).
In early days before Second World War, stainless steel served as the high temperature material for the aerospace industry. After second world war the need of more specific material for elevated temperature services was raised because steel cannot bear high temperature produced in turbines and aero engines [7] . An alternative material with low thermal expansion can *Address correspondence to this author at the Industrial Engineering Department University of Engineering and Technology Taxila, Pakistan; Tel: 051-9047828; Fax: 051-9047420; E-mail: ahsanulhaq233@gmail.com fulfill the requirements. The lower thermal expansion will help the material to bear more temperature. BuYeol Yang reported that coefficient of thermal expansion for super alloys is ten times smaller than steel approximately [8] . Super alloys can replace stainless steel in high temperature activities. Nickelbased super alloys are used in the aero engine industry due to their high temperature strength [9] . Inconel 718 is a Nickel based super alloy used for the gas turbine engines due to its brilliant strength properties up to 650°C [7] . Some researcher stated that 50% of the aero-engine is made up of nickel-chromium alloys [10] . Due to high strength and low thermal coefficient machining of such material is difficult, therefore forces and tool wear increase during machining [11] . For the machining of hard materials like Inconel 718 nonconventional manufacturing processes such as EDM is used. EDM is extensively used in the field of manufacturing dies and molds, also used to manufacture hard components for aerospace industry and automotive industries [1] [2] [3] .
Machining performance can be improved by increasing material removal rate and minimizing surface roughness (SR) of the final product. Machined surface quality is being expressed by surface roughness, which belongs to the smoother surface [4, 12] . SR is a critical requirement of the manufactured parts in various cases. To achieve the desired surface finish of a part has a great value for its functional behavior [13] . Material removal rate (MRR) directly influences the production rate of the system. To achieve greater production rate higher MRR is required.
Some of the machining parameters for EDM are discussed [14] such as Pon, also known as machining time current flows and material removed during this time period so MRR and SR depend on Pon, DC, is among the main variables which effect SR and MRR significantly basically it is the current applied to produce spark, Poff, is the time between the two consecutive sparks removed material is washed away during this time.
It is evident that SR is directly proportional to the Pon. Reason behind the increasing surface roughness with the increase in discharge duration is the discharge energy released for this period of time [15] . The DC was one of the most significant factor for both the SR and MRR, tracked by Pon for MRR [2] . The RSM based SR model can be optimized using GA to obtain the optimum values of independent variables [16] .
Mathematical and statistical techniques are used in RSM; these techniques are useful for modeling and analysis. Generate a relation between the input variables and the responses of the system and develop a correlation between them [17, 18] . In the recent years, Neelesh Singh et al. used RSM to study the machining performce of EDM process [19] . They concluded that current increases MRR also increases. Debnath et al. focused on On Die Sinking EdM machining process and develop a mathematical model for the Surface roughness, tool wear rate and metal removal rate.
Detailed literature review shows that there is a little or no work has been reported on the powder mix EDM of Inconel 718 using RSM to optimize input parameters and to analyze their effect on the performance measures. In this study Inconel 718 is machined under variable input parameters such as DC, Pon, Poff, Powder concentration using powder mix EDM to investigate their effects on SR and MRR.
MATERIALS AND METHODS

Material
Inconel 718 is used for investigation of input parameters on SR and MRR by using powder mix EDM. Inconel 718 belongs to the famous family of NiCr super alloys with extra ordinary hardness.
Composition of Inconel 718 has been provided in the Table 1 . Al 2 O 3 powder particles with an average size of 10 nm were added in the kerosene oil (dielectric fluid), addition of Al 2 O 3 nano particles to kerosene oil increases the material removal rate because it enhance the gap [20] , while electrolytic copper (99.9% pure) was used as electrode material having the diameter of 15.6mm.
Experimental Method
The experiments were conducted on Neu-ar M-30 die-sinking EDM machine. Positive polarity was assigned to copper electrode and dielectric fluid pressure 0.5 kg/cm 2 . Before and after experimentation work piece has been weighted using a weigh machine. Machining has been calculated using electronic timer, while the machining depth was kept constant at 0.2 mm throughout the machining. MRR was calculated using Eq. 1 and SR was measured with the help of SJ-410 surface roughness tester. The machining parameters such as DC, Pon, Poff and powder concentration and their levels are illustrated in Table 2 . 
In this study Center Composite Design of response surface methodology was employed with 5 center points and half design to reduce number of experiments 21. Four input parameters with three levels were selected. Table 3 shows the experimental results with their respective input parameters. 
RESULTS AND DISCUSSION
Surface Roughness
The summary suggests the quadratic relationship for surface roughness of powder mix EDM process. 
Material Removal Rate
For material removal rate the summary suggest the quadratic model as a best model. ANOVA identify the significant main variables with the interactions and quadratic relations. In this case DC (A), pulse off time (C), powder concentration (D) and Pon (B) are the main significant varibles. AB is the significant interaction and A 2 
Response Surface Plots
The effects of DC and Pon on MRR is shown in Figure 2a . The graph shows that with the increase in DC and Pon MRR increases. 
OPTIMIZATION ASSOCIATED WITH SUSTAINABILITY
The purpose of this study is to achieve high production rate (material removal rate) and less surface roughness simultaneously. The sustainability function for the current study is shown in Eq. 4.
Sustainability = Maximaizing Material Removal Rate
Minimizing Surface Roughness
The constraints for multi objective optimization using desirability function have been presented in Table 6 . The achieved desirability along with process parameters values has been provided Table 7 . It can be observed that desirability as high as 86.5% can be achieved when all performance measures possess equal weights.
It is clearly evident from Table 7 and Figure 3a that minimum surface roughness 2.8 µm and maximum material removal rate 99.5 g/min can be achieved with 86.5% desirability using DC 7.1A, Pon 75.51 µs, Poff 25 µs and powder concentration 6 g/l. Figure 3b shows the contour plot for desirability. This graph is used to select the values of input parameters to ensure the required desirability.
CONCLUSION
Current study deals with the effects of significant input parameters on SR and MRR with the help of RSM. Second order models of input parameters are developed and investigated that DC significantly affect the SR and MRR followed by the Pon.
Surface roughness has a direct relation to the Pon and DC and inversely proportional to the powder concentration and Poff. The lower value of surface roughness is achieved with DC = 4 A, Pon = 120 µs, Poff = 25 µs and powder concentration 6g/l within the experimental domain while maximum material removal rate can be achieved with DC = 8 A, Pon = 80 µs, Poff = 20 µs and powder concentration 6g/l.
For sustainable production both surface roughness and material removal rate assigned equal weights. In this case minimum surface roughness 2.8 µm and maximum material removal rate 99.5 g/min can be achieved with DC 7.1A, Pon 75.51 µs, Poff 25 µs and powder concentration 6 g/l. This research can also help researches for early prediction of surface roughness and material removal rate without experimenting with powder mix EDM process for Inconel 718. 
